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Abstract New experimentsare plannedvhich will further expand
the range ofthe parametersFor optimizing thebeam
A review of the operation of the S-DALINAC's sc quality underthe verydifferentconditions ofeverysingle
cavities over thdast two yearsshows two occasions of experiment it wasindstill is necessary tdmprove beam
severe Q degradation. The reasonstaedcuringmeasures  diagnosticsand dynamics asvell as the properties of the
takenarediscussed. Besideie routine operation of the superconducting niobium cavities. It hasenexperienced
acceleratorimprovementsand developmentswith respect that investigationsand new developments for aingle
to its beam dynamical propertiesand diagnostics experiment may improve the quality axperimental
equipment were performed. Astudy showed that a results in completelgifferent fields bysynergy effects.
nonisochronous recirculation schenwffers improved Some special topics and results of the lastyears of S-

longitudinal stability and thus reduced energy spread of thALINAC operation are reported here.
beam. Therefore conversion of therecirculating beam

transport system from isochronous to nonisochronoggpble 1: Design Parameters
operation has begperformedfor two of the fourarcs and
will be completed in spring 2000. Also some of theam

. . ) . . max. Beam Energy 130 MeV
transport sectionsrere modified inorder toincrease their Energyspread +10
acceptance and tamprove their tolerance versus field gaX- Culffent 20 pA

. o utycycle cw
errors. A nonde§t_ruct|vem0n|tor|ng systemfor beam - Niobium (RRR=300)
intensity and position hasbeen completed. Extremely Frequency 2.9975 GHz
compact, mechanicallysimple, low Q (Q<1000) rf Temperature 2K
cavities,madefrom stainless steedre used as detectors. QUaity Factor 310

. ! . N * Accelerating Gradient BIV/m
Their response is fast enough to resolwglividual RF Lossesat5MV/im 42W

bunchesandthus individual passes of the beam through
the linac in case ofthe subharmoniclO MHz time
structure. This isusedfrequently, not only for the FEL
but alsofor electron scattering experiments atlow for
very efficient backgroundsuppression by time of flight Experiments (EM”fe”\E})y Ct‘lirAe)”t Mode  Time (h)
analysis. Wien usedfor a beamwith 3 GHz cw time

Table 2: Beam Parameters

ity ; ie (VYD 2.5-10 50 3 GHz, cw 6400
structure therather_low sen_smwty (_)f the_ momtqrs IS B xR 510  0001-10 3 GHz ow 100
compensated bysing lock-in technique inthe signal Hec, pxr 3587 01 &Hz, cw 800
analysis. (e.e_), 22 120V 5 3 GHz, cw 7800
(e,e_x)
FEL 30-38 27A.. 10MHz cw 2900
1 INTRODUCTION Poea

1) Dutycycle 33% 2 20000

The S-DALINAC [1] is a sc electroacceleratothaving ,
Resolution: AE,,, = 50 keV @ 85 MeVAE/E =+3-10*

beendeveloped andeing used inthe environment of a
university for research in lownergy nucleaandradiation - Foliowing abrief description ofthe accelerator inSec. 2
physics. Its design parameters are summarized in Tab. ye turn to properties of the sc cavities Bec. 3.
Since 1987 the S-DALINAC has delivered soB®000 |mprovements of beamdynamical properties and
hours of beam timdor a large variety of experimentsgiagnostics equipmentre covered inSec.4 and 5

which are listed in Tab. 2. The requirements on the respectively, whileSec. 6 explains the benefits of the
electron beam parameters differ very much, i.e. continuoy§ MHz time structure of the beam faruclear physics
3 GHz electronbeams withenergies betwee@.5 and experiments.

120 MeV and intensities from 1 nA to %07\ havebeen
produced asvell as high intensity beam with a 10 MHz
time structure for Free-Electron-Laser (FEL) [2] operation.
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2 S-DALINAC without interfering with accelerator operation. It is
planned to use ‘first generation’ (low RRR) cavities and in
a later stage of the project also the tsparecavities of

illustrated by the layout shown iRig. 1. The electrons the S-DALINAC as samples. One goal is thevelopment

are emitted by a thermioniggun and then accelerated ©f @ magnetic shielding, optimized for tremplicated
electrostatically to250 keV. The requiredtime structure 9€0Metry of dreal world’ cavity, equippedwith tuner, rf
of the electron beam for rf acceleration i8 &Hz field is  couPlers,andbeam tubesSeparately we intend to take a
prepared by achopper/prebunchesystem operating at systematic secondllook into the appllcatlon_ of vpetiven
room temperature. The sc injector linac consists of one $€Mical, mechanicaknd thermal preparation methods.
cell, one 5-cell, and two standard 20-cell niobium Since the slimgeometry of a3 GHz, 20-cell cavity is
structures, the parameters of which are alsmmarized in rather unfavorable foany preparation method, it ight
Tab. 1. The maximum electranergy behindhe injector turn put that weneed.modmcat.lons in the application of
linac is 10 MeV. The electron beancan either be the different preparation techniques.

delivered to radiation physics or nuclear resonance W€ want to devote atleast one paragraph to a

fluorescenceexperiments or bent isochronously hgoe Phenomenon which struck us in 98 through a partial,
for injection into the main linac consisting of eight 20-hough dramatic decrease of @Q The development is

cell cavities,and reaching amaximum energy gain of illustrated by the badiagram inFig. 2. There, four bars,

40 MeV per pass. Thus, using two recirculations, 4dicating Q, are shown for each cavity of the S-
maximum electron energy 0130 MeV can beachieved. PALINAC main linac (numbers 4 — 11). The |efr of
The electron beantan be usedor different types of eachgroup |nd|catethe snyatlonearly in 98_. A few
experiments such as hignergy radiationphysics or months later the heliumrefrigeratorneeded raintenance
electron scattering experiments intwo electron 2@nd had to be warmedp. We decided toleave the
spectrometers. Additionally, in the firstecirculation accelerator cryostat at an intermediate temperature of some

beamline, the FEL experiment is located and can make g K- During this partialwarmup thepressure in the

of the electron beam with 50 MeV maximum energy.  Insulating vacuum region increased26 mbarfor 2 — 3
hours (later it turnedout that this waglue to nitrogen

The principle of operation of thesuperconducting
recirculating electron accelerator S-DALINAC s

T e Prevmener Craos o which had leaked from the thermal radiation shastd had
t\_>0' \_ / . been frozen out on the outside of the helium vessels). At
‘ 40 MoV Linoe To Bxperimental the same time thpressure irnthe beam tube rose to the
) g ' e 10° mbarrange for 20minutes and then dropped to its
{(u»__,;ﬁﬁh_ﬁ»)? usual value of 18 mbar. Severaldays later, when the
- . y [ g cavities were again at2 K, we observedthe dramatic
it e & it ot l oy o change in the Qvalues, indicated in Fig. 2 by tfsecond

o bar fromthe left in eachgroup. Cavities 6, 8, %nd 10
were strongly affected,the othersshowed nosignificant
change in @

Figure 1: Layout of the S-DALINAC.

3 ACCELERATING CAVITIES

The design parameters dhe S-DALINAC assumed for
the 1 m long,20-cell cavities araccelerating gradient of
E...= 5 MV/m and an unloaded Q of,@ 3-16. For the
gradient this seemed rather challenging in the 1@% the

Quality Facior Qo

figure for Q seemedeasonable, evethough it is less Cavity #

than afactor oftwo below the BCSimit for a 3 GHz mafter chemical treatment at DESY (1-2 microns removal)
. . oafter partial warmup (100-130 K), bad insulating vacuum

cavity at atemperature of2 K. Operation of the S- oafter 4 months at 300 K

mafter "soft" chemical treatment (HNO3, HF sequentially)

DALINAC over almost tenyearsnow has shown that all
of the installed cavities easilgxceed 5 NW/m. On the
other hand has none of them yeached @= 310° when
installed in the accelerator. Wh different kinds of
preparation techniques weachedfigures of, orslightly
exceeding 1-10

In order tofind the reason forthis still unexplained
phenomenon we havset up anexternal vertical 2 K
cryostat which allows us tperform systematicstudies

Figure 2: Quality factor Q of the main accelerator
cavities.

Expecting leaks, at least at cavities 6 and 9, the cavities
were warmed up teoom temperaturehut no leakscould
be found inthe expectedlocations, however two small
leaks between insulating vacuwand cavity vacuumwere



found atthe rf input lines of cavities Zand 10. A the beam wasdeedsmaller, wheraccelerated irthe non
shutdown period of four months durimghich the cavities isochronous scheme).
remained aroom temperature followe@nd after the next
cooldown a differentmore homogenious distribution of
Q, (indicated by the third bar of each group) had
established. During the successive warmup beam
vacuum was monitored by rasidualgas analyser, but no
sign of a contaminatiorscaping from the cavitiesould
be detected. Ithe meantime wédave chemicallytreated
cavities 4, 5, 8, 9, 10and11, removingextremelylittle
niobium by applying HN@ and HF sequentially. The i nonisochronous ]
right bars ofeachgroup in Fig. 2 show the result: the ol ]
cavities (except cavity 9) recovered their original 4080 60 7O 8O 90 100
. . Transmission (%)
performance (cavities 6 and 7 of course remained
unchangedsince theywere not treated). This, in our
opinion, excludesthe possibility of ahydrogenproblem
since no thermal treatment was appli€dereforethere is
no convincing explanation for thebserved phenomena
yet.
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Figure 3: Experimental test of longitudinalbeam
4 BEAM DYNAMICS dynamics.

A review of the longitudinal as well as thtansverse
beam dynamics in the twcirculating beaniines of the
S-DALINAC clearly indicated possible improvements.
Longitudinally therecirculation scheme was isochronous:
Following theconsiderations of H. Herminghaus [3] we
investigated numerically to whiokxtend adeviation from
the isochronouscheme could bbeneficial. Itturned out
that even in the special situation of th&-DALINAC
(only two recirculations and only three past#@®ugh the
linac) the influence oamplitude-andphase jitter on the
energy spread of the beam can be suppressed consider.
The combination of a synchronous phase of -t a
longitudinal dispersion ofsy = - 1.5 mm/% stillensures
an energyspread of AE/E)xy.w = 10* even if an
amplitude jitter of: 107 for the accelerating fields in the
main linac is assumed.

The longitudinal dispersion can be generated
symmetrically in both arcs of each recirculating beam line Figure 4: Transverse propertiegacceptances) of the
by modifications of therespective quadrupolelattices. first recirculation beam transpogystem. The ellipse
Beam transport in the straight sections is ldippersion- indicates a typical beam emittance.
and angular dispersion free. In order to obtain experimental
proof for the result of the numericaimulations weused ~ The transverse properties othe straight sections of
the existingquadrupoldattices withmodified settings to the recirculating beamlines, each consisting of two
approximate the non isochronosiuation. Theelectron quadrupoledubletts and one triplett were investigated
beam, after passing through a momentudefining slit Systematically withrespect totheir acceptance antheir
system, wasanalysed with respect to its energy tolerance versus field erro(s. g.due toremanent fields).
distribution in an elastic scattering experiment, using Fdgure 4 showdransverse phasespaptots for the first
magnetic spectrometer. The result of this test is shown'gfirculating beamline. The free area bounded by the
Fig. 3, wherethe line width of the elasticallgcattered Straight lines (limits of thexcceptancéor eachbeamline
electrons is plotted versus theetting of the slits, €lement) represents the acceptatice,little ellipse in the
expressed agransmission through the slit system. It igenter indicates dypical emittance of the beam. It is
obvious that in the isochronogasethe energyspread of obvious that a FODO arrangement of the seven
the beamincreasedwhen the width of theslits was quadrupoles irthe straight section (right part &fig. 4)
increased, whereas it remainambnstant in the non has strongadvantagesver the dublett -triplett — dublett
isochronouscase(which means that thenergyspread of arrangemenshown in the left part ofig. 4. Wehave




therefore already modifiethe quadrupolelattice in the cavities. Using an effective bandwidth of 1 Hhanges of
beam line of the firstrecirculation (arcs and straight the beancurrent of10 nA or 0.1 mm inposition (at a
section). Conversion of thesecond recirculation is current of 1 pA) are clearly detectable. bhitors have

scheduled for a shutdown in spring 2000. been installed in front ofthe injector linac,behind the
main linac, at the beginning and at thrad ofthe straight
5 BEAM DIAGNOSTICS sections of both recirculations, and in the beam line to the

experimental hall. It should be noted tldaie totheir low
Q, the response of the cavities is fast enoughesmlve
bunches with a timeseparation ofL00 ns (seeSec. 6).
Thereforethe monitor behind the main linac(equipped
with fast electronics) is able t@rovide ‘self calibrated’
information on allthree passes dhe beam, since the
bunchesare not spacially overlapped inthis node of
operation.

A combination of 3 GHz rf cavities hdmendeveloped to
obtain nondestructiveonline diagnosis of beaimmtensity
and position in different locations. Requiremenwtyethat
the cavitieshad to becompactand mechanicallysimple.
They had to have good UHV propertieand should be
ratherinsensitive to ambientemperature changes af
2°C, in order not to needtuning devices or temperature
stabilization. The result is a combination oflindrical
TMyo — and TM,, cavities as shown irFig. 5. The

cavities are fabricatedrom stainless steel, thefjave a T» IR
common center piece and two covers which connect to the ™" lrogﬁ e
beamline. The rf outputs useeramic feedthroughs. All , = L] fv e
sealsare standard CFoppergaskets,exceptone which 1kHz

Oscillator

differs in diameter.The cavitiesare operated dbaded Qs
of less than 1000, which ensures thatfmeguencytuning
is required.

1=1s

Figure 6: Signal processingor one channel of the
monitor station shown in Fig. 5.

6 ALTERNATIVE USE OF 10 MHZ TIME
STRUCTURE

Inclusive electron scattering experiments are very sensitive
to radiation background reachingthe magnetic
spectrometers. Thbackgroundphotons are produced as
bremsstrahlung when parts of thedectron beam hit
material for example from the beam tubes arergy
defining slits. It hadeenshown at the S-DALINAC that
the radiation background can be reduced uprteorder of
magnitude using the 10 MHz time structure of the
electron beambeing originally developedfor the FEL
operation. In thisnodethe electron buncheare separated
by 100 ns or 33 m. Within one separation lentjibre is
a definite relation between spatial coordinate of the
electron and the time of flight since its emission from the
electron gun. That means, allectronsscatteredrom the
investigated targetreach the detector system of the
Figure 5: Non intercepting 3GHz rf monitors with spectrometer at fixed time with respect tothe timing
microwaveand low frequencyelectroniccomponents for signal of the gun pulsézigure 7 shows a time of flight
signal processing. spectrum of electronsieasured irthe detectorsystem of
the Q-Clamspectrometer athe S-DALINAC during a
The resulting sensitivities amount 1& nW/(UAY for  scattering experiment on tH&r nucleus. Theincident
the intensity monitorand to 15 pW/(mm pA§ for the electron energyvas 66.4 MeV andthe scatteringangle
position monitor. For signal processing tle&ctronics detectedwith the spectrometer 180fWith respect to the
shown in Fig. 6 were developed. Lockicthnique isused incident beam directionThis was possible by using the
to compensate for theatherlow sensitivities of the rf special beam transport system for 180° scattering at the S-




DALINAC [4]. The time spectrum shows that onlypart 9 REFERENCES
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Figure 7: Time of flight spectrum for 180° scattering.

7 CONCLUSION

For the S-DALINAC considerableimprovement was
achieved with respect to the bealynamical properties of
the two recirculatingbeamlines. Inaddition, 3 GHz If
cavity monitors and the necessary electronics for non
destructive monitoring of the beam intenséyd position
have been developed and are incorporateithéraccelerator
at seven locations. For effortagcessary tamprove on
the unloaded Q atfhe accelerator’'s scavities, anexternal

2 K cryostat has beenset up, to allowfor systematic
studies without interfering with accelerator operation.

8 ACKNOWLEDGEMENT

We are very much indebted to H. Lengler for his
continuous interest and suppoert throughout the
development of our accelerator. We have alwagsefitted
from stimulating discussions with B. Aune, D. Bloess, E.
Haebel, A. Matheissen, D. Proch, H. A. Schwettmann,
and T. Weiland and aregrateful for their contributions.
The tremendoushelp from many colleagues &ESY,
particularly from A. Matheisseand D. Reschkewith the
treatment of our sc cavities is gratefully acknowledged.



	Session Index

